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HIGHLIGHTS

« Field-cage experiments were
conducted to assess the potential of
Phymastichus coffea.

« The 1:5 parasitoid:borer ratio
resulted in highest parasitism.

« Treatments that received parasitoids
had a higher seed weight than the
control.

« It is concluded that P. coffea has a

significant potential against this pest.

« Phymastichus coffea is an
endoparasitoid of the coffee berry
borer.
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ABSTRACT

Phymastichus coffea LaSalle (Hymenoptera: Eulophidae) is an African parasitoid that has been imported to
Mexico and other Latin American countries for the biological control of the coffee berry borer, Hypothene-
mus hampei (Ferrari) (Coleoptera: Curculionidae: Scolytinae). As a part of the evaluation of this natural
enemy in Mexico, we conducted a series of parasitoid inclusion cage experiments to evaluate parasitism
rates under different parasitoid:borer ratios (1:5, 1:10, 1:15, 1:20 and 1:30) using entomological sleeves.
The presence of P. coffea inside the sleeves did not affect avoid the perforation of coffee berries by the
borers, but damages to berries were significantly diminished. Borers that did not enter coffee berries
were more susceptible to be parasitized by P. coffea than borers that entered inside berries (i.e., borers
that perforated the endosperm). The treatment resulting in the highest level of parasitism was the 1:5
parasitoid:borer ratio, which had 79% parasitism when borers where outside berries. In general, the high-
est percentage of parasitism occurred when the highest proportion of parasitoids was used. The 1:5 and
1:10 parasitoid:borer ratio resulted in the highest parasitism. The use of P. coffea resulted in a 2.2-3.1 fold
lower coffee berry borer damage to the seeds weight, showing the beneficial effect of this natural enemy.
The weight of coffee seeds significantly decreased in treatments where no parasitoids were used (control)
and in treatments with the highest number of borers. All treatments that received parasitoids to control
the coffee berry borer had a higher seed weight than the control. Our studies indicate that P. coffea has a
strong potential to become an effective biological control agent against the coffee berry borer.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

The endoparasitic wasp Phymastichus coffea LaSalle (Hymenop-
tera: Eulophidae) is indigenous to Africa, and appears to be

* Corresponding author.

present in most coffee producing countries in that continent
(Borbén-Martinez, 1989; Lopez-Vaamonde and Moore, 1998). This
parasitoid was first noticed attacking adults of the coffee berry
borer, Hypothenemus hampei (Ferrari) (Coleoptera: Curculionidae:
Scolytinae) in Togo in 1987 (Borbon-Martinez, 1989), and was sub-
sequently described as a new species (LaSalle, 1990). A preliminary
assessment by Lopez-Vaamonde and Moore (1998) suggested that
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P. coffea could be a useful biological control agent against the coffee
berry borer. Consequently, the wasp was imported to most coffee
producing countries of Latin America to mitigate the damage
caused by the coffee berry borer, the most important insect pest
of coffee worldwide (Le Pelley, 1968; Murphy and Moore, 1990;
Jaramillo et al., 2006a; Vega et al., 2009). Adult females of this pest
bore into coffee berries and deposit their eggs within galleries. Lar-
vae feed on seeds inside the berries, greatly reducing yields and
quality (Vega et al., 2009). Previous estimates of US $500 million
in yearly losses worldwide (Vega et al., 2002) appear to be conser-
vative based on a recent report for Brazil, where yearly losses have
been estimated at US $215-358 million (Oliveira et al., 2013).

Phymastichus coffea has been described as a primary, gregarious,
idiobiont endoparasitoid of coffee berry borer adults (Feldhege,
1992; Infante et al., 1994; Lopez-Vaamonde and Moore, 1998; Cas-
tillo et al., 2004). Parasitoid females are approximately 1 mm long,
with males half that size (LaSalle, 1990). Adult females start to
search for hosts immediately after emergence. There is no preovi-
position time and parasitization of hosts can occur within the first
hours after the parasitoid reaches the adult stage (Infante et al.,
1994). Females oviposit in the coffee berry borer abdomen, allocat-
ing two eggs per host, usually one female and one male. Both lar-
vae feed inside the abdomen, but towards the end of the larval
stage, the male larva migrates to feed from the tissues in the pro-
thorax, where it pupates and completes its development (Espinoza
et al., 2009). Parasitized hosts do not reproduce because they die a
few days after being attacked (Feldhege, 1992; Infante et al., 1994).
In the laboratory, the life-cycle from egg to adult of P. coffea takes
about 35 days at 26 °C (Feldhege, 1992), while under field condi-
tions the cycle is completed in approximately 47 days (Vergara
et al., 2001a; Espinoza et al., 2009). Longevity of adults is limited
to three days (Feldhege, 1992; Infante et al., 1994). The parasitism
of P. coffea is strongly influenced by several factors, such as the
availability of coffee berry borer adults, infested berries, and berry
development, among others (Jaramillo et al., 2005). It has been
suggested that the attack by P. coffea occurs just when the coffee
berry borer initiates berry perforation (Borbon-Martinez, 1989;
Feldhege, 1992; Lopez-Vaamonde and Moore, 1998), but more de-
tailed studies reported that this wasp is also able to attack borers
that have already colonized coffee berries (Echeverry, 1999;
Vergara et al., 2001a; Jaramillo et al., 2006b). Espinoza et al.
(2009) confirmed that releases of wasps seven days after berries
colonization by the coffee berry borer resulted in parasitism by
P. coffea.

As a part of the evaluation program of this natural enemy in
Mexico, we conducted a series of parasitoid inclusion field-cages
experiments, to investigate the potential of P. coffea in biological
control programs. As the field cages provide favorable trials of nat-
ural enemies on small-scale conditions, we designed an experi-
ment to investigate the parasitism of P. coffea on the coffee berry
borer using different parasitoid:borer ratios.

2. Materials and methods

The study was conducted at Finca Alianza, in the municipality of
Cacahoatan, Chiapas (N 15°02'27”, W 92°10'22"; 700 masl). This
coffee plantation has a density of approximately 3000 plants per
hectare and an age over 25 years old. Average annual rainfall is
2900 mm and the mean annual temperature is 21 °C. We selected
a ca. 0.5 ha plot planted with Coffea arabica L. Most of the plants
had plenty of berries that were at least four months old, i.e.,
suitable for coffee berry borer infestation (Barrera, 1994; Bustillo
et al., 1998). Coffee branches with a variable number of non-in-
fested berries were randomly selected along the experimental plot.
Each branch was enclosed with a 30 cm diam and 70 cm long

Fig. 1. A coffee branch enclosed by an entomological sleeve after releasing the
parasitoid Phymastichus coffea.

entomological sleeve (Fig. 1). Immediately afterwards, coffee ber-
ries were exposed to coffee berry borers females at a ratio of 1.5
borers per berry. Two hours after coffee berry borer infestation,
adult females of P. coffea, recently emerged from hosts reared in
the laboratory, were introduced inside the entomological sleeves
at five parasitoid:borer ratios: 1:5, 1:10, 1:15, 1:20 and 1:30. In to-
tal there were six treatments, including the control (branches with
coffee berry borer, but no parasitoids), with seven replicates each.
A detailed description of the treatments, including mean number
of berries per branch, and borers and parasitoids per branch is pre-
sented in Table 1. Taking into account that the P. coffea adult lon-
gevity is about three days only (Feldhege, 1992; Infante et al.,
1994), sleeves were removed four days after initiation of the
experiments.

The coffee berry borer females that did not bore the berries in-
side sleeves, were placed in artificial diet (Villacorta and Barrera,
1993), and left hanging from the branch. After 30 days, coffee ber-
ries and borers placed in artificial diet were taken to the laboratory
to determine the degree of parasitism. We assessed three vari-
ables: (i) percentage of berry infestation by the coffee berry borer,
(ii) parasitism of P. coffea on the coffee berry borer, both inside and
outside the berries, and (iii) dry coffee seed weight. Coffee berry
borer-infested berries were easily detected by observing the typi-
cal hole on or near the disc made by the adult females when enter-
ing the berry (Vega et al., 2009). Parasitism by P. coffea was visually
determined through coffee berry borer dissections under the ste-
reomicroscope (Espinoza et al., 2009). Parasitism rate at each den-
sity was calculated dividing the number of parasitized borers by
the total number of borers X 100. To determine the impact of the
coffee berry borer infestation on seed weight, seeds were removed
from the berry and dried for 48 h in an oven.

Table 1
Description of treatments used to evaluate the impact of the parasitoid Phymastichus
coffea on the coffee berry borer.

Parasitoid:borer ratio  Berries/ Borers/ Parasitoids/
branch® branch branch
1:5 141+3.1 211 42
1:10 138+1.8 207 21
1:15 122+3.6 183 12
1:20 126+4.3 189 9
1:30 130+3.4 195 7
Control 132+£19 198 0

4 Mean for seven replicates + SE.
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Data of percentage of parasitism by P. coffea were analyzed
using a log-linear model with a binomial response (Zar, 1999).
An analysis of variance (ANOVA) was performed to detect differ-
ences in the weight of coffee seeds due to coffee berry borer dam-
age. Post hoc comparisons were made using orthogonal contrasts
to establish differences among treatments. A one-way analysis of
covariance (ANCOVA) using the total berries bored by the coffee
berry borer in a branch as a covariate, was performed to detect dif-
ferences in the total weight of treatments. In all tests values of
P < 0.05 were considered significant.

3. Results

The highest berry infestation occurred in the control, followed
by treatments with the highest parasitoid:borer ratios (i.e., 1:5,
1:10, 1:15; Table 2). Significantly lower infestation rates
(Fs30=7.46; P<0.001) were found in treatments with the lowest
parasitoid:borer ratios (i.e., 1:20 and 1:30). There were significant
differences in parasitism by P. coffea among treatments in coffee
berry borers that remained outside the berries (i.e., borers that
did not penetrate the berry) (3% =131.3; d.f.=4; P<0.001), and
when they went inside the berries (i.e. borers that penetrated the
endosperm) (32 = 143.5; d.f. = 4; P < 0.001). In general, the highest
percentage of parasitism occurred when the highest proportion of
parasitoids was used. Coffee berry borers that did not enter berries
were more likely to be parasitized by P. coffea than those that en-
tered the berries. The highest level of parasitism occurred at the
highest parasitoid:borer ratio (1:5), which had 79.4% parasitism
when borers where outside the berries (Fig. 2).

We compared for each treatment the combined parasitism of
coffee berry borers that were outside and inside berries, in order
to analyze the total parasitism caused by P. coffea (Fig. 3). The
1:5 and 1:10 parasitoid:borer ratios resulted in the highest per-
centage of parasitism (2 = 242.7; d.f. = 4; P< 0.001). A comparison
of treatments that contained parasitized coffee berry borers (right
side of Fig. 2) versus non-parasitized coffee berry borers (left side of
Fig. 2) indicates significant differences in all treatments, except at
the 1:10 parasitoid:borer ratio. The confidence intervals for these
comparisons are presented in Table 3.

The weight of coffee seeds significantly decreased in treatments
with the highest parasitoid:borer ratio (1:15, 1:20, 1:30) and in the
control. The seed weight per branch (F=22.2; d.f.=5, 35;
P<0.001) and per berry (F=17.0; d.f.=5, 36; P<0.001) in the
1:5 and 1:10 parasitoid:borer ratio, were significantly higher. The
control (no parasitoids) had the lowest coffee seed weight
(Table 2).

4. Discussion

Assessing the effectiveness of introduced natural enemies in the
target area is probably the most important step in classical biolog-
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Fig. 2. Mean parasitism (+SE) of Phymastichus coffea on the coffee berry borer in
treatments with different parasitoid:borer ratio. Upper case letters compare
treatments of borers that were outside fruits (i.e. borers that did not penetrate
the berry) and lower case letters compare treatments of borers that entered the
fruit (i.e., borers that penetrated the endosperm).

ical control programs. Usually the main question to be addressed in
this kind of evaluation is whether the natural enemy is capable of
reducing the average density of the pest (Van Driesche and
Bellows, 2001). In this context, cage exclusion/inclusion techniques
are especially valuable because they provide a preliminary assess-
ment of the impact of natural enemies upon pest populations, and
also give quantitative information that can be used to understand
the insect population dynamics (Luck et al., 1999; Kidd and Jervis,
2005).

Through the use of parasitoid inclusion field-cages experiments
we have shown that P. coffea has a significant impact on the coffee
berry borer population when released at a 1:5 or 1:10 parasit-
oid:borer ratio. As would be expected, at these densities, the coffee
berry borer populations were drastically reduced and therefore the
damages of the adult borers to the coffee berries were significantly
diminished. Our studies demonstrate that the use of P. coffea re-
sults in a 2.2-3.1 fold lower coffee berry borer damage to the seeds
weight. Another indirect effect of this parasitoid on the coffee berry
borer is related to the fact that females that have been already par-
asitized do not reproduce (Feldhege, 1992; Infante et al., 1994),
thus fewer individuals are expected in the next generation. Fur-
thermore, when using the parasitoid at higher densities of borers
(e.g., 1:30), the parasitism was diluted and only about 10% of the
coffee berry borers were parasitized. Clearly, at this ratio, the im-
pact of the parasitoid is very limited and therefore does not impact
the damage caused by the coffee berry borer to the coffee seeds.

The results indicate that is possible to achieve >60% parasitism
at the 1:5 and 1:10 parasitoid:borer ratio. Considering that the
rearing technique for this wasp has been improved in the labora-
tory, producing more than one-million of wasps per month (Baker,
1999; Orozco, 2002), the ratio of 1 parasitoid per 5 borers is
feasible to achieve under large-scale conditions. Eventually, these

Percentage coffee berry borer-infested berries when testing different parasitoid:borer ratios and mean seed dry weight (grams) per branch an per berry one-month after exposure

to the borers.

Parasitoid:borer ratio

Coffee berry borer infested berries (%)

Mean seed dry weight

Per branch’ Per berry
1:5 64.3+3.97a 10.2+0.54 a 0.18+0.013 a
1:10 613+3.52a 9.9+053a 0.18 £0.006 a
1:15 55.9+4.75 ab 7.2+0.60 b 0.13+0.011 b
1:20 39.1+4.17b 6.9+0.53b 0.14+0.014 b
1:30 40.7+3.77 b 6.4+0.56 b 0.12 £ 0.005 bc
Control 65.4+4.43b 3.2+0.66 c 0.08 £ 0.006 ¢

" Mean * SE. Different letters in columns represent significant differences between treatments (P < 0.05).
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Fig. 3. Comparisons of the parasitism (+SE) by Phymastichus coffea on the coffee berry borer in treatments with different parasitoid:borer ratio. On the right side upper case
letters compare treatments of parasitized borers (inside and outside coffee berries). On the left side asterisks indicate the significant differences between parasitized and
unparasitized borers within the same parasitoid:borer ratio (see Table 3 for confidence intervals for these values).

Table 3
Confidence intervals for paired comparisons made from treatments shown in Fig. 3,
between parasitized and non-parasitized coffee berry borers.

Parasitoid:borer ratio Confidence intervals

Upper Lower
1:5 0.60 0.67
1:10 0.42 0.50 NS
1:15 0.27 034"
1:20 0.24 0.33
1:30 0.09 0.13

" Significant differences (P < 0.05).

releases could have more impact if parasitoids were released in the
period of the year where the coffee berry borer population is at its
lower level. This normally occurs approximately three months
after plants are blooming, when borers leave the old coffee berries,
where they spent the intercropping season, to infest the new coffee
berries, which at this time are at a suitable stage to be infested by
the coffee berry borer (Barrera, 1994; Bustillo et al., 1998).

The parasitism levels reported in the present study are within
the range reported by others. For instance, Echeverry (1999) eval-
uated releases of P. coffea in coffee farms of Colombia at different
densities in experimental plots without entomological sleeves.
He found that parasitism varied from 8-49% when releasing a
1:13 and 1:1 parasitoids:borers ratio, respectively. In another
experiment Echeverry (1999) released parasitoids and borers at a
1:1 ratio in entomological sleeves, but the parasitoids were re-
leased five days after the borers, resulting in 83% parasitism. In a
field study, Jaramillo et al. (2005) reported a maximum parasitism
of 75-85% when P. coffea was released one day after the coffee ber-
ry borer infestation, at a 1:1 parasitoid:borer ratio. Finally, Vergara
et al. (2001b) reported on an augmentative release of P. coffea
adults in a 70 x 130 m experimental plot containing plenty of ber-
ries and borers, followed by the release of 30,000 wasps in the cen-
ter of the plot. Samples taken at different distances from the center
of the experimental plot 25 days after the release, revealed an
average parasitism of 61% in a distance range of 0-10 m and 27%
parasitism 40-54 m from the release point.

Ultimately, the geographic dissemination of the coffee berry
borer throughout most coffee producing countries over the last

100 years has resulted in increasing research efforts to study all as-
pects of biology, ecology and control methods of the pest (Infante
et al., submitted). Although results of classical biological control
using the bethylid parasitoids Cephalonomia stephanoderis and
Prorops nasuta in Latin America have not been successful (Infante
et al.,, 2001; Damon, 2000; Jaramillo et al., 2006), there is some po-
tential for using these parasitoids through a farmer participatory
integrated pest management program (Aristizabal et al., 2011,
2012). In this context, the use of P. coffea has been always visual-
ized not as a single method of control, but as an important compo-
nent of an integrated pest management strategy (Bustillo, 2006;
Espinoza et al., 2009). After all, this species has been reported as
the most predominant among the parasitoids of the coffee berry
borer in West Africa (Feldhege, 1992). The results obtained in the
present study provide some guidance concerning the potential
for P. coffea as a biological control agent of the coffee berry borer
in coffee agroecosystems of Latin America.
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